Adenylate kinase of Escherichia coli, a component of the phage T4 dNTP synthetase complex.
Adenylate kinase, which catalyzes the reversible ATP-dependent phosphorylation of AMP to ADP and dAMP to dADP, can also catalyze the conversion of nucleoside diphosphates to the corresponding triphosphates. Lu and Inouye (Lu, Q., and Inouye, M. (1996) Proc. Natl. Acad. Sci. U. S. A. 93, 5720-5725) showed that an Escherichia coli ndk mutant, lacking nucleoside diphosphate kinase, can use adenylate kinase as an alternative source of nucleoside triphosphates. Bacteriophage T4 can reproduce in an Escherichia coli ndk mutant, implying that adenylate kinase can meet a demand for deoxyribonucleoside triphosphates that increases by up to 10-fold as a result of T4 infection. In terms of kinetic linkage and specific protein-protein associations, NDP kinase is an integral component of T4 dNTP synthetase, a multienzyme complex containing phage-coded enzymes, which facilitates the synthesis of dNTPs and their flow into DNA. Here we asked whether, by similar criteria, adenylate kinase of the host cell is also a specific component of the complex. Experiments involving protein affinity chromatography, immunoprecipitation, optical biosensor measurements, and glutathione S-transferase pulldowns demonstrated direct interactions between adenylate kinase and several phage-coded enzymes, as well as E. coli nucleoside diphosphate kinase. These results identify adenylate kinase as a specific component of the complex. The rate of DNA synthesis after infection of an ndk mutant was found to be about 40% of the rate seen in wild-type infection, implying that complementation of the missing NDP kinase function by adenylate kinase is fairly efficient, but that adenylate kinase becomes rate-limiting for DNA synthesis when it is the sole source of dNTPs.